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ABSTRACT
GRB 020124 and GRB 030323 constitute half the sample of gamma-ray bursts
with a measured redshift greater than 3. This paper presents the temporal and
spectral properties of these two gamma-ray bursts detected and localized with
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HETE-2. While they have nearly identical redshifts (z=3.20 for GRB 020124,
and z=3.37 for GRB 030323), these two GRBs span about an order of magnitude
in fluence, thus sampling distinct regions of the GRB luminosity function. The
properties of these two bursts are compared with those of the bulk of the GRB
population detected by HETE-2. We also discuss the energetics of GRB 020124
and GRB 030323 and show that they are compatible with the Ep- Eiso relation
discovered by Amati et al. (2002). Finally, we compute the maximum redshifts at
which these bursts could have been detected by HETE-2 and we address various
issues connected with the detection and localization of high-z GRBs.
Subject headings: gamma rays: bursts (GRB 020124, GRB 030323)
1. Introduction
High redshift gamma-ray bursts (GRBs) may become useful beacons for the study of
the young universe. Gamma-ray bursts are expected to be visible out to very large redshifts
(z=10-20, Lamb & Reichart 2000), if indeed they are generated there, and offer the possibility
to probe the interstellar medium along the line of sight and to address important cosmological
issues like the evolution of the star formation rate.
Before one can undertake such studies, however, it is important to understand the
intrinsic properties of gamma-ray bursts at high redshift. There are only four GRBs with a
measured redshift larger than z=3: GRB 971214 at z=3.42 (Kulkarni et al. 1998), which was
localized by BeppoSAX; GRB 000131 at z=4.5 (Andersen et al. 2000), which was localized
with the IPN; and GRB 020124 at z=3.20 (Hjorth et al. 2003) and GRB 030323 at z=3.37
(Vreeswijk et al. 2004), which were localized by HETE-2.
This paper describes the HETE-2 observations of GRB 020124 and GRB 030323. After
a quick summary of the localization history of these bursts (section 2), we present their
spectral and temporal properties in section 3 and compare them with those of the bulk of
the GRB population. Their energetics are discussed in section 4, where it is noted that GRB
030323 is the first GRB detected at large redshift which does not belong to the bright end
of the GRB luminosity distribution. In this section we also show that HETE-2 could have
detected and localized GRB 020124 at a redshift of z=6.4 at least, and we discuss some
necessary conditions for the detection of soft, faint GRBs at high redshift. Section 5 looks
into the observations of the afterglows and host galaxies of these bursts.
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2. Detection, localization, and optical afterglow identification
2.1. GRB 020124
On 2002 January 24, at 10:41:15.15 UT (38475.15 SOD), the High Energy Transient
Explorer satellite HETE-2 (hereafter HETE) detected GRB 020124, a moderately bright
GRB. No flight localization was issued by the satellite, but the analysis of data on the
ground resulted in a coarse localization distributed to the GCN1 1.4 hours after the GRB,
and in a refined position distributed to the GCN 10.7 hours after the GRB (Ricker et al.
2002). The refined position was a circle of radius 12’, centered at RA = 09h 32m 49s, Dec
= -11◦ 27’ 35” (J2000). The optical afterglow was reported 28 hours after the GRB, (in
data taken 13.5 hours after the GRB) at the position: RA = 09h 32m 50.8s, Dec = -11◦ 31’
11”, well within the refined error box (Price et al. 2002). An IPN annulus was also obtained
for this burst, which was fully consistent with the WXM error box (Hurley et al. 2002).
Fig. 1a shows the projection of the WXM error box on the sky, the IPN annulus, and
the position of the optical afterglow. At the time of its identification, the afterglow had a
magnitude R=18.5 (Price et al. 2002). Details of the identification of the optical afterglow
and its evolution can be found in Berger et al. (2002). The afterglow spectrum recorded
with ISAAC on the VLT-Antu is analysed in Hjorth et al. (2003), who report a redshift
z=3.198.
2.2. GRB 030323
On 2003 March 23, at 21:56:57.60 UT (79017.60 SOD), HETE detected GRB 030323,
a faint GRB. As for GRB 020124 no flight localization was issued by the satellite, but the
analysis of data on the ground resulted in a WXM localization distributed to the GCN 5.0
hours after the GRB, and in an SXC localization distributed to the GCN 7.5 hours after the
GRB (Graziani et al. 2003). The WXM position was a circle of radius 18’, centered at RA
= 11h 06m 54s, Dec = -21◦ 51’ 00” (J2000). The SXC position was a trapezoid with an area
of 71 arcmin, fully included within the WXM error box. The center of the SXC error box
was RA = 11h 06m 06s, Dec = -21◦ 54’ 20” (J2000). The optical afterglow was reported 22
hours after the GRB, (in data taken 9.6 hours after the GRB), at the position: RA = 11h
06m 09.38s, Dec = -21◦ 46’ 13.3” , close to the boundary of the SXC error box, but within it
(Gilmore et al. 2003). Fig. 1b shows the projection of the WXM and SXC error boxes on the
sky, and the position of the optical afterglow. At the time of its identification, the afterglow
1Gamma-Ray Burst Coordinate Network, see http://gcn.gsfc.nasa.gov/
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had a magnitude Rc=18.7 (Gilmore et al. 2003). A temporal and spectral analysis of the
optical afterglow can be found in Vreeswijk et al. (2004), who report a redshift z=3.372.
3. The prompt emission
3.1. Light curves and temporal properties
The light curves of GRB 020124 and GRB 030323 are displayed in Fig. 2. GRB 020124
and GRB 030323 belong to the class of long GRBs with durations T90 = 49.4 ±1.3 sec (GRB
020124), and T90 = 15.0 ±2.6 sec (GRB 030323) in the energy range 6-400 keV. Table 1 gives
the durations of these two bursts, and their one sigma errors, in various energy bands. In
the FREGATE data, GRB 020124 exhibits little duration shortening with the energy with
T90 (resp. T50) varying from 51.4 ± 1.4 sec (resp. 26.0 ± 2.7 sec) in the energy band 6-15
keV to 43.0 ± 6.1 sec (resp. 19.2 ± 1.8 sec) in the energy range 85-400 keV. The situation
is more confusing in the WXM 2−25 keV energy band (T90 and T50 seem to follow distinct
trends), possibly due to the lower signal to noise ratio of the burst in this instrument. The
light curve of GRB 020124 appears very spiky: at least 9 individual spikes can be identified
in it.
GRB 030323 is significantly fainter than GRB 020124, and we could only divide the
energy range into two subranges : in 6-30 keV we measure T90 = 12.8 ± 2.5 sec and T50 =
6.6 ± 1.5 sec, and in 30-400 keV we measure T90 = 12.2 ± 3.6 sec and T50 = 5.2 ± 1.6 sec.
With only two energy bands, it is difficult to say whether GRB 030323 exhibits significant
duration shortening with energy.
3.2. Spectra
In this section we investigate the average spectral properties of GRB 020124 and GRB
030323. The joint WXM+FREGATE spectra have been fit with a powerlaw times ex-
ponential model (PLE), n(E) ∝ E−α exp(−E/eobs0 ), and with a Band function (GRBM),
which satisfactorily fits most GRB spectra (Band et al. 1993).2 This parametrization al-
lows us to compare these bursts with the GRBs detected by BATSE (Band et al. 1993;
Preece et al. 2000), BeppoSAX (Frontera et al. 2000; Amati et al. 2002), and HETE (Barraud et al. 2003;
2In this paper we use capital letters for intrinsic spectral parameters (at the source), and lower case letters
for the observed spectral parameters.
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Sakamoto et al. 2004b). The spectral parameters for the burst-averaged spectra of GRB
020124 and GRB 030323 are given in Table 2. The emission properties of GRB 020124 and
GRB 030323 are given in Table 3. Emission properties depend on the model used in the
spectral analysis. In Table 3 we report the numbers given in Sakamoto et al. (2004b), which
are based on a PLE fit for GRB 020124 and on a simple powerlaw fit for GRB 030323. It
should be noted that a spectral analysis based on the best fit Band function (given in Table
2) gives emission parameters which differ by less than 10% from the values given in Table 3.
The discussion in section 4, which requires the measure of ’bolometric’ fluences is based on
the best fit Band functions given in Table 2.
3.2.1. GRB 020124
With a fluence of 8.1 × 10−6 erg cm−2 in the energy range 2 - 400 keV, GRB 020124
belongs to the brightest third of HETE GRBs. Its ’softness’3 is 0.32, placing it at the
boundary between GRBs and X-Ray Rich GRBs. The peak energy, eobsp , is relatively well
constrained to be about 90 keV. The difference between this value and the value of 133 keV
quoted in Barraud et al. (2003) is due to the inclusion of the WXM data covering the range
2-25 keV in this refined analysis.
3.2.2. GRB 030323
With a fluence of 1.2 × 10−6 erg cm−2 in the energy range 2 - 400 keV, GRB 030323
belongs to the faintest 20% of HETE GRBs. Its ’softness’ is 0.38, making it an X-Ray Rich
GRB. The eobsp value of ∼ 60 keV is not well constrained and could be as low as 20 keV or
as high as 200 keV.
4. Distance and energetics
Knowing the redshifts of GRB 020124 and GRB 030323 allows us to compute their
intrinsic spectral parameters: Ep, the peak energy of the νFν spectrum; Eiso, the isotropic-
equivalent radiated energy (in the energy range 1-10000 keV), and Nγ the isotropic-equivalent
3Following (Sakamoto et al. 2004a), we define the softness as the ratio Sx/Sγ ,where Sx is the fluence in
the range 2-30 keV, and Sγ is the fluence in the range 30-400 keV. Using this definition X-Ray Flashes have
a softness greater than 1 and X-Ray Rich GRBs have a softness in the range 0.33 to 1.
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photon number in the same energy range. In the following we adopt a flat cosmology
with Ωm = 0.3, ΩΛ = 0.7, and h0 = 0.65. For GRB 020124, we get Ep = 390
+70
−120 keV,
Eiso = 25 ± 6 × 10
52 erg, and Nγ = 34
+20
−10 × 10
58 photons. For GRB 030323, we get Ep =
270+600
−180 keV, Eiso = 3.2± 1× 10
52 erg, and Nγ = 5.4
+6
−2.5 × 10
58 photons.
We note that GRB 020124 is intrinsically bright, similar to GRB 971214, which had
Eiso= 3 × 10
53 erg (Kulkarni et al. 1998; Dal Fiume et al. 2000; Amati et al. 2002); and
GRB 000131 which had Eiso= 11×10
53 erg (Andersen et al. 2000). The isotropic-equivalent
energy of GRB 030323 is however about an order of magnitude fainter, a fact that demon-
strates the ability of HETE to detect and localize high-redshift GRBs that are not at the
bright end of the GRB luminosity function.
We have checked whether GRB 020124 and GRB 030323 are compatible with the em-
pirical Eiso- Ep relation discovered by Amati et al. (2002), which can be expressed as E
0.5
iso /
Ep∼ 1 (where Eiso is measured in units of 10
50 erg and Ep in keV; see also Lamb et al. 2005)
This is indeed the case with E0.5iso / Ep= 1.3 for GRB 020124. For GRB 030323 the Ep of
GRB 030323 is not well determined and we cannot draw any conclusion based on this burst
(although for the sake of completeness we should mention that the best fit values give E0.5iso /
Ep= 0.65). The spectral parameters of GRB 020124 are well determined, and the fact that
this burst follows the Eiso- Ep relation closely could indicate that this relation has little or
no evolution with the redshift.
4.1. The maximum distances at which GRB 020124 and GRB 030323 could
be localized
Fig. 4 shows the position of GRB 020124 and GRB 030323 (the two large triangles, GRB
020124 is the rightmost large triangle) in a fluence-softness diagram, among the population
of GRBs detected with HETE (Barraud et al. 2004). This figure also shows the positions
that these bursts would have in the same diagram if they had occured at redshifts 1, 2, 5,
10, and 20. The tracks of GRB 020124 and GRB 030323 in the figure are computed by
taking into account the spectral redshift of the bursts, and assuming that we can measure
the total fluence, even when the burst is at a high redshift. From this figure we can see that,
at redshift 1, GRB 020124 would have been one of the brightest GRBs detected by HETE,
while GRB 030323 would have been in the middle of the fluence distribution. Regarding
their hardness, we note that at a redshift of unity, GRB 020124 and GRB 030323 would
both have been unambiguously classified as ’GRBs’, rather than XRR-GRBs or XRFs.
Figure 4 can also be used to discuss the maximum redshift at which HETE could have
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detected GRB 020124 and GRB 030323. Based on this figure, we see that GRB 030323 is very
close to the boundary of the GRB population detected and localized with HETE. In contrast,
the fluence of GRB 020124 appears to remain well within the distribution of localized GRBs
up to redshift z ∼ 15. In reality, the fluence is not the best intensity indicator for GRB
detection because the trigger algorithm is essentially based on the search for excess counts
in short time intervals. In order to assess more precisely the maximum redshift at which
HETE could have detected GRB 020124, we have performed a detailed analysis including
the following steps:
- Compute the trigger threshold (number of counts) of FREGATE at the time of GRB
020124, on the 1.3 sec and on the 5.2 sec trigger timescales.
- Estimate the signal to noise ratio of GRB 020124 for its detection by FREGATE.
- Determine the redshift at which the counts from GRB 020124 would reach the trigger
threshold of FREGATE, taking into account the effects of the distance, of the time dilation
and of the spectral redshift of the photons.
This analysis shows that a burst 3.2 times fainter than GRB 020124 would have triggered
FREGATE in the 7-30 keV energy range in a time window of 5.2 sec. We thus conclude that
GRB 020124 could have been detected by FREGATE up to a redshift z=6.4. The trigger
scheme of HETE includes many more trigger possibilities than the simple trigger palette of
FREGATE, especially some using longer timescales for triggering. It is thus reasonable to
assume that GRB 020124 could have been detected by HETE up to redshift 7-8. At this
redshift HETE could have localized GRB 020124 because its localization capabilities are
more dependent on the fluence of the burst than on its peak flux, and because the fluence
decreases more slowly than the peak flux with the redshift. This is confirmed by figure 4
which shows that, at a redshift z=8, the fluence and the softness of GRB 020124 would have
been comparable with the fluences and softness of many GRBs localized by HETE.
We finally note that, at redshifts higher than 10, the fluence of GRB 020124 remains
comparable with the fluence of many GRBs detected and localized with HETE while its
peak flux is well below the detection threshold. A consequence of this fact is that a mission
can greatly improve its ability to detect high-z GRBs if it is able to localize long, faint,
soft transients. This is not the case for BeppoSAX and HETE-2 whose detection strategy
is mainly based on the search for count excesses on relatively short timescales. A strategy
based on the search for long, soft transients appearing in the image of the sky, as is the case
for SWIFT-BAT, appears more promising for detecting high-z GRBs.
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5. Afterglows and hosts of GRB 020124 and GRB 030323
The discussion in this section is mainly based on the information that has been published
in papers on the afterglows and hosts of the four GRBs with a measured redshift greater
than 3: GRB 971214 (Halpern et al. 1998; Kulkarni et al. 1998; Dal Fiume et al. 2000),
GRB 000131 (Andersen et al. 2000), GRB 020124 (Berger et al. 2002; Hjorth et al. 2003),
and GRB 030323 (Vreeswijk et al. 2004).
5.0.1. Spectroscopy of the afterglows
Thanks to fast localizations by HETE, the afterglows of GRBs 020124 and 030323 were
observed soon after the burst, while they were still bright. The identification of the afterglow
of GRB 020124 is due to Price et al. (2002) in data taken 13.5 hours after the burst, but the
first observation took place only two hours after the trigger and caught the afterglow at a
magnitude R=18.5 (Torii et al. 2002). The identification of the afterglow of GRB 030323 is
due to Gilmore et al. (2003) in data taken 9.5 hours after the burst. The afterglow was first
observed with ROTSE III, when it had a magnitude R=18.4, 6 hours after the burst. This
contrasts with the afterglows of GRB 971214, and GRB 000131, which were identified when
they had magnitudes R=22.1, and R=23.3, respectively. These quick detections allowed
for spectroscopy of the afterglows while they were still moderately bright (R=24 for GRB
020124 and R=21.5 for GRB 030323). The spectroscopic observations of GRB 020124 and
GRB 030323 resulted in high quality spectra and in the detection of strong Absorption Line
Systems (ALS) in the afterglows of both GRBs (Hjorth et al. 2003; Vreeswijk et al. 2004).
5.0.2. Beaming breaks
The light curves of GRB afterglows often display jet breaks, attributed to the confine-
ment of the relativistic outflow into a small cone. Rhoads (1997) has shown that jet breaks
can be used to estimate θj , the jet opening angle, and Eγ , the total energy output in γ-rays.
Eγ is given by the following formula
Eγ = Eiso ∗ (1− cos(θj))
where θj is the opening angle of the jet in radians.
The afterglows of GRB 020124 and GRB 030323 were observed on several occasions dur-
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ing the few days following the bursts, but not frequently enough to unambiguously identify
a possible jet break. Berger et al. (2002) nevertheless argue that GRB 020124 might have a
jet break 10-20 days after the burst. The observations of GRB 030323, on the other hand,
give an afterglow slope s=−1.56±0.03 (Vreeswijk et al. 2004), showing that they took place
before a possible jet break (one expects s ∼ −2 after the break). Fig.1. of Vreeswijk et al.
(2004) shows that we can exclude a jet break in the afterglow, in the first 4 days following
the burst.
Frail et al. (2001) find that Eγ is narrowly distributed around 5× 10
50 erg in a sample
of GRBs with known redshifts. Bloom, Frail, and Kulkarni (2003) later revised this value to
1.3× 1051 erg. From the measured value of Eiso, we can calculate the opening angle that the
jet would have to have for Eγ to be 1.3×10
51 erg. For GRB 020124, we find θj = 0.10 radians
(5.8 degrees), and θj = 0.29 radians (16 degrees) for GRB 030323. Following equation (1)
of Frail et al. (2001), and assuming a circumburst density of [0.1 cm−3], we find that the
expected break time is 2.6 days for GRB 020124, and 5.7 days for GRB 030323. With the
freedom allowed by the poor sampling of the light curves, and by the small (but real) scatter
in the size of the energy reservoir, we consider that these numbers do not contradict the
finding of Frail et al. (2001), and Bloom, Frail, and Kulkarni (2003) that there is a standard
radiated energy for GRBs.
5.0.3. Host galaxy identification
GRB 020124 and GRB 030323 have very faint hosts: R ≥ 29.5 for GRB 020124
(Bloom et al. 2002), and V=28.0 for GRB 030323 (Vreeswijk et al. 2004). The early lo-
calization of these two GRBs, and the quick identification of their afterglows, made possible
the identification of the host galaxy of GRB 030323, and placed stringent limits on the mag-
nitude of the host galaxy of GRB 020124. The faintness of the host galaxies of these two
bursts shows the impossibility to measure their redshifts from the spectroscopy of their host
galaxies. GRB 020124 and GRB 030323 are examples of GRBs whose redshifts can only
be measured at early times from the spectrum of the afterglow (unlike what was done for
GRB 971214). The fact that two of the four GRBs known with z ≥ 3 occurred in faint
galaxies, may indicate that a non-negligible fraction of star formation takes place in such
faint galaxies. Gamma-ray bursts appear to be a privileged way to identify this population.
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6. Conclusions
This paper describes the temporal and spectral properties of GRB 020124 and GRB
030323, two GRBs at redshift z > 3 detected and localized with HETE. These two events
are found to be fully consistent with the properties of the rest of the GRB population detected
with HETE.
We have used the chain of events which successfully led to the measurement of the
redshifts of GRB 020124 and GRB 030323 as a baseline to discuss the conditions required
for the identification of high-z GRBs. Our two main conclusions are summarized below.
The fast localization of GRB 020124 and GRB 030323 allowed the quick identification
and the early spectroscopy of their afterglows. We see a posteriori that this was the only way
to measure their redshifts, given the faintness of their host galaxies. In these cases, contrary
to the case of GRB 971214, we could not rely on the spectroscopy of the host galaxy to
measure the redshifts, and this might well be the case for the majority of high-z GRBs.
Study of GRB 020124 shows that even instruments of modest size like FREGATE or
the WXM are able to detect and localize GRBs up to z=7-8, if indeed GRBs occur at these
redshifts. The study of the tracks with redshift of the peak flux and of the fluence of GRB
020124 provides insight into the strategy to be used for the detection of high-z GRBs. A
strategy that relies mainly on the search for count excesses in short time intervals does not
appear to be the most appropriate. A strategy based on the imaging of faint, soft transients
lasting minutes appears more promising.
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Table 1. Temporal Properties of GRB 020124 and GRB 030323.
GRB / Instrument Energy t90 t50
(keV) (s) (s)
GRB 020124
HETE WXM 2–25 50.2 ± 2.3 18.6 ± 1.1
2–5 41.8 ± 0.4 23.5 ± 1.7
5–10 50.4 ± 8.0 11.7 ± 3.0
10–25 32.5 ± 1.2 16.7 ± 3.5
HETE FREGATE 6–400 49.4 ± 1.3 22.6 ± 1.0
6–15 51.4 ± 1.4 26.0 ± 2.7
15–30 52.9 ± 2.0 23.2 ± 2.4
30–85 45.6 ± 0.7 22.2 ± 1.3
85–400 43.0 ± 6.1 19.2 ± 1.8
GRB 030323
HETE WXM 2–25 32.6 ± 2.7 13.9 ± 1.6
2–5 31.5 ± 0.9 16.2 ± 0.8
5–10 36.1 ± 0.6 19.4 ± 1.3
10–25 19.5 ± 2.0 12.5 ± 1.3
HETE FREGATE 6–400 15.0 ± 2.6 7.1 ± 1.2
6–30 12.8 ± 2.5 6.6 ± 1.5
30–400 12.2 ± 3.6 5.2 ± 1.6
Note. — Errors are 1-σ. The significantly longer dura-
tion measured by the WXM for GRB 030323 is explained
by the better sensitivity of this instrument to low energy
photons which are hardly detected with FREGATE.
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Table 2. Spectral models for GRB020124 and GRB 030323. See section 3.2 for a
description of the spectral models.
GRB / Model Alpha E0 Beta
GRB 020124 PLE −0.79+0.15
−0.14 87
+34
−21 N/A
GRB 020124 GRBM −0.87−0.16+0.19 82
+31
−31 −2.6−0.65
GRB 030323 PLE −0.80+0.8
−0.83 44
+90
−26 N/A
GRB 030323 GRBMa −0.96+1.31
−0.85 60−45 −2.3 (frozen)
Note. — Errors are for 90% confidence, there is no upper
limit for Beta. a For this model, the parameters are poorly
constrained. β is frozen at −2.3, and there is no upper limit
on E0.
Table 3. Emission Properties of GRB 020124 and GRB 030323.
Energy Peak photon Flux Peak energy Flux Energy Fluence
(keV) (ph cm−2 s−1) (erg cm−2 s−1) (erg cm−2)
GRB 020124
2–30 6.9± 1.6 1.8± 0.18× 10−7 2.0+0.14
−0.14 × 10
−6
30–400 2.5± 0.40 4.5± 0.46× 10−7 6.1+0.88
−0.76 × 10
−6
50–300 1.4± 0.28 3.2± 0.33× 10−7 4.7+0.82
−0.82 × 10
−6
GRB 030323
2–30 3.4± 2.1 .57± .16× 10−7 3.4+1.3
−1.2 × 10
−7
30–400 0.49± 0.22 1.5± .43× 10−7 8.9+3.8
−3.5 × 10
−7
50–300 0.29± 0.15 1.0± .29× 10−7 6.5+2.8
−2.8 × 10
−7
Note. — Errors are given at the 90% confidence level.
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Fig. 1.— Left panel: Reported localizations and optical afterglow of GRB 020124. Right
panel: Reported localizations and optical afterglow of GRB 030323.
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Fig. 2.— Left panel: Light curves of GRB 020124 in various energy bands. The lower panel
shows the light curve recorded with the WXM (2-25 keV). The upper two panels show the
light curves recorded with FREGATE in two energy bands (6-30 keV, and 30-400 keV). The
vertical line at t=-10 sec shows the typical size of 1-sigma error bars. Right panel: Same
plots for GRB 030323.
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Fig. 3.— Left panel: Unfolded energy spectrum of GRB 020124 in the range 2-400 keV.
Right panel: Unfolded energy spectrum of GRB 030323 in the range 2-400 keV.
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Fig. 4.— The position of GRB 020124 (rightmost large triangle) and GRB 030323 (leftmost
large triangle) in a fluence-softness plot, among other GRBs detected with HETE (Barraud
et al. 2004). The two solid lines show the tracks of GRB 020124 and GRB 030323 with
redshift, from z=1 to z=20. Open squares indicate redshifts 1, 5 and 20 and open diamonds
redshifts 2 and 10. This figure shows that at a redshift of unity GRB 020124 would have been
in the bright end of the GRB fluence distribution, and GRB 030323 would have been in the
middle of the distribution. This figure also shows that GRB 030323 is at the lower boundary
of the fluence distribution of HETE GRBs, while GRB 020124 would still lie in the middle
of this distribution, even at redshift z∼10. An estimate of the maximum redshift at which
GRB 020124 could have been detected by HETE is given in section 4.1. The upper dashed
horizontal line shows the boundary between X-Ray Flashes (above the line) and X-ray rich
GRBs. The lower dashed horizontal line shows the boundary between X-ray rich GRBs and
normal GRBs (below the line).
